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(57) ABSTRACT 

A dispersible colorant is provided Which comprises a colo 
rant and a chargeable resin pseudo ?ne particle of a siZe 
smaller than the siZe of the colorant being ?xed or fused to 
the colorant, Wherein the colorant itself has a surface charge. 
Thereby, it becomes possible to process a surface of the 
colorant While exploiting both the characteristic of a resin 
adhered and ?xed to the surface of the colorant and the 
characteristic of the surface of the colorant, so that it is 
possible to provide a dispersible colorant that has suffi 
ciently high dispersibility and a simple and easy method of 
producing the colorant, by use of a colorant that is essen 
tially Water-insoluble. 

22 Claims, 5 Drawing Sheets 
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FIG. 3 
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DISPERSIBLE COLORANT, METHOD OF 
PRODUCING SAME, AQUEOUS INK USING 
SAME, INK TANK, INK JET RECORDING 

APPARATUS, INK JET RECORDING 
METHOD, AND INK JET RECORDED 

IMAGE 

This application is a continuation of International Appli 
cation No. PCT/JP2005/0l2l69, ?led on Jun. 24, 2005, 
Which claims the bene?t of Japanese Patent Application No. 
2004-188559 ?led on Jun. 25, 2004. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a dispersible colorant and a 

method of producing the same as Well as to an aqueous ink 
using the same for ink jet recording, an ink tank, an ink jet 
recording apparatus, an ink jet recording method and an ink 
jet recorded image. 

2. Related Background Art 
The ink jet system is a system for recording images, 

characters or the like by forcing ?ne ink droplets to ?y from 
a noZZle on the basis of any of various knoWn actuating 
principles and causing them to arrive at a recording medium 
(e.g., a sheet of paper). The ink jet system is characterized 
by the easiness of realiZing high speed and loW noise 
multicolor printing, the versatility of recorded patterns and 
the disuse of development and ?xing processes, Which 
rapidly have made the ink jet system very popular for a 
variety of applications. Furthermore, the development of the 
full color or multicolor ink jet recording system in recent 
years has made them comparable With multicolor printing by 
conventional plate making and color photography in terms 
of forming high quality multicolor images. Particularly, the 
color ink jet recording system is ?nding various applications 
in the ?eld of full color image recording because it can 
produce less expensive printed matters if compared With 
ordinary multicolor printing and color photography When 
the number of copies is small. 
Many improvements have been made to ink jet recording 

apparatus and ink jet recording methods to meet the demand 
for a higher recording speed, a higher level of image 
precision and perfect full color images. Requirements to be 
met by ink for ink jet recording apparatus include (1) it 
provides uniform images of high resolution and high optical 
density that are free from blurring and fogging, (2) it shoWs 
a high ejection responsiveness and a high ejection stability 
and does not give rise to any clogging due to ink drying at 
a tip of an ejection noZZle, (3) it ?xes Well on sheets of paper, 
(4) it provides images of good fastness and (5) it has good 
storage stability for a long period of time. Particularly, high 
speed printing that has been achieved in recent years 
requires the use of ink that dries and ?xes quickly to provide 
high quality images even if it is used on plain paper such as 
copying paper. 

Intensive efforts have been and being paid for developing 
a colorant by using a pigment that is excellent in Waterfast 
ness and Weatherability of image and Water-insoluble so as 
to make them operate as ink for ink jet recording. As a matter 
of fact, such colorants are being used in the ?eld of large siZe 
printers. Additionally, researches have been and being made 
for inks that contain pigments for the purpose of ink jet 
recording by printers for of?ce use and personal use. Sheets 
of plain paper are dominantly being used as recording 
medium in such applications and the requirements that are 
being posed on such inks are rigorous than ever particularly 
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2 
in terms of image ?xability, rubfastness, quality of printed 
characters, image density, Waterfastness and other charac 
teristics probably because such inks are desirably equally 
usable for glossy paper and other special paper. 
When using a Water-insoluble colorant, a pigment in 

particular, for an aqueous ink to be used for ink jet recording, 
it is ?rstly required that the colorant can be dispersed stably 
into Water. Generally, When a Water-insoluble colorant is 
used for an aqueous ink to be used for ink jet recording, a 
surfactant or a polymeric dispersing agent (also referred to 
as “dispersing resin”) is used to disperse/stabiliZe the colo 
rant. 

For instance, Japanese Patent Application Laid-Open No. 
Hl0-l20955 discloses an ink for ink jet recording having a 
colorant dispersed and stabiliZed by means of a dispersing 
resin. HoWever, the disclosed ink is accompanied by a 
problem that because the dispersing resin itself is highly 
af?nitive With Water and is therefore highly soluble into 
Water, the dispersing resin can easily leave the surface of the 
colorant and hence the colorant cannot remain in a suffi 
ciently stabiliZed state for a long period of time. Addition 
ally, When such ink impacts against the surface of plain 
paper, the highly hydrophilic dispersing resin Will function 
as a penetrating agent and penetrate deep into the plain paper 
With the colorant, thus making it impossible to obtain a 
suf?cient image density. Further, as a result of using an ink 
containing a polymer component such as a highly Water 
soluble dispersing resin for ink jet recording, there is a case 
Where the ink adheres to a noZZle of the ink jet recording 
apparatus both at the outside and in the inside thereof. Then, 
as a result, both the siZe and the moving direction of the 
ejected ink droplets become unstable to consequently give 
rise to disturbance of image, thereby posing a problem in 
obtaining a highly precise image. Additionally, When the 
content of a Water-soluble dispersing resin is increased in 
order to improve the rubfastness of an image formed on 
plain paper or glossy paper, the viscosity of the ink Will 
increase to make it very dif?cult to maintain the ejection 
stability of the ink from the ink jet recording apparatus. 

Japanese Patent Application Laid-Open No. 2001-081372 
discloses an ink for ink jet recording having a colorant 
dispersed therein by means of polyoxyethylenealkylether 
sulfate, Which is a surfactant. When a colorant is dispersed 
by means of a surfactant, the surfactant that is ?rmly 
adsorbed to the colorant may function also as a penetrating 
agent. Therefore, as the ejected ink impacts against the 
surface of recording paper, the colorant Will penetrate deeply 
into recording paper, thereby making it hardly possible to 
obtain a high print density. Additionally, a colorant that is 
dispersed by means of a surfactant is free from an agent such 
as a resin that provides a bonding action on the surface of 
recording paper and hence the image formed by using such 
a colorant may pose a problem that the rubfastness and 
marker resistance (tolerance to marker pen) of a formed 
image can not be obtained sufficiently. 
Known methods of stably dispersing a colorant Without 

using a dispersing resin or a surfactant include techniques 
for chemically modifying the surface of a Water-insoluble 
colorant. For example, Japanese Patent Application Laid 
Open No. Hl0-l95360 discloses an aqueous pigment ink 
using, as a colorant, a self-dispersing type carbon black 
formed by bonding a hydrophilic group to the surface of 
carbon black directly or through another group. Such a 
surface chemically modi?ed pigment is referred to as a 
self-dispersing pigment and shoWs good ink jet ejection 
stability because it does not need any Water-soluble resin or 
the like. HoWever, according to the consideration of the 



US 7,297,202 B2 
3 

present inventors, such a colorant does not contain any resin 
and therefore has a poor adhesion to recording paper, so that 
the rubfastness and marker resistance thereof need to be 
improved. 

Independently of the above-described dispersing tech 
nique, Japanese Patent Application Laid-Open No. H08 
183920 discloses a method of dispersing a coloring agent in 
an organic solvent, subsequently enclosing the coloring 
agent With a self-dispersing resin by phase conversion 
emulsi?cation, folloWed by dispersion in Water and removal 
of a solvent. The resulting pigment is a so-called microcap 
sule pigment and, also in this case, in order to attain 
su?icient dispersion stability, it is necessary to increase the 
hydrophilicity of the coating resin. HoWever, consideration 
by the present inventors has revealed that While the dispers 
ibility is improved by increasing the hydrophilicity, the 
coating resin may sometimes be detached from the pigment 
surface to thereby increase the viscosity of the ink, so that 
it becomes dif?cult to strike a balance betWeen the ejection 
stability and the dispersion stability. 

Other techniques for enclosing a coloring agent With a 
resin include those using aqueous precipitation polymeriza 
tion as described in “Colorants”, 68 [9], 1995, p. 535-541, 
Japanese Patent Application Laid-Open Nos. H05-222109, 
H07-010911, H09-100303 and 2003-034770. Although the 
above listed “Colorants”, 68 [9], 1995, p. 535-541 and 
Japanese Patent Application Laid-Open No. H05-222109 
describe encapsulation of a pigment by aqueous precipita 
tion polymerization and completing of a pigment and a resin, 
the described particle size is large and hence the dispersion 
stability is insufficient for use in aqueous ink jet recording. 

Japanese Patent Application Laid-Open Nos. H07-010911 
and H09-100303 disclose a method of producing dispersed 
particles of pigment having a particle size suitable for ink jet 
recording by dispersing a colorant in advance by means of 
a reactive surfactant and polymerizing the reactive surfac 
tant and other monomers to precipitate a resin, thereby 
coating or modifying the surface of the colorant. Further 
more, Japanese Patent Application Laid-Open No. 2003 
034770 discloses a technique of dispersing a colorant by 
means of a surfactant that satis?es certain special require 
ments and subsequently conducting aqueous precipitation 
polymerization. With these techniques, the resulting colo 
rant that is modi?ed by the resin is essentially dispersed and 
stabilized due to the existence of a surfactant or a Water 

soluble polymeric dispersing agent in the ink. Therefore, as 
described above, it is very dif?cult to strike a balance 
betWeen the ejection stability that is suited to an ink jet 
recording apparatus and the su?icient printing quality of a 
recorded image particularly from the vieWpoint of the print 
density. 
As described above, there have been proposed methods of 

treating a Water-insoluble colorant, particularly the surface 
of various pigments for dispersing by means of a resin or 
surfactant, methods that employ chemical modi?cation and 
methods that employ microencapsulation. HoWever, each of 
the proposed methods is accompanied by problems to be 
dissolved in terms of image density, ejection stability, rub 
fastness, marker resistance, dispersion stability and so on. 
Particularly, they need to be improved With regard to estab 
lishment of su?icient image density and rubfastness in plain 
paper recording, and compatibility thereof With suf?cient 
ejection stability. 

Furthermore, WO 02/066564 discloses an ink that con 
tains, as coloring agent, both a pigment having a Water 
dispersibility-donative group incorporated into a surface 
thereof and a pigment having a surface enclosed With a 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Water-dispersible polymer. Although the disclosed ink has 
been developed aiming at simultaneous improvement of 
both color developability on plain paper and rubfastness on 
exclusive paper, it merely has a simple composition in Which 
the both pigments having the respective characteristics are 
mixedly contained and is therefore not so satisfactory as to 
alloW the tWo pigments, after being arrived at the paper, to 
remedy each other’s de?cient property. In short, the dis 
closed ink that contains the tWo kinds of pigments having the 
respective characteristics is not satisfactory in terms of both 
color developability and rubfastness and still has a room for 
improvement. 

Finally, Japanese Patent Application Laid-Open Nos. 
H09-152342 and 2001-152060 disclose an ink realized by 
using a microencapsulated pigment that is formed by coating 
a Water-insoluble colorant such as carbon black With an 
organic polymer and regulating the relationship betWeen the 
colorant and the coating resin. More speci?cally, the color 
density, the preciseness, the color rendering property, the 
transparency and the color developability are improved by 
regulating a pigment content and a resin coating ratio. 
HoWever, the disclosed methods employ the conventional 
technique of microencapsulation using phase conversion 
emulsi?cation and hence are characterized in that the resin 
coat Which covers the surface of a colorant is not uniform. 

SUMMARY OF THE INVENTION 

The present inventors have conducted extensive studies 
using the above-described knoWn techniques. As a result, 
they have come to recognize that the problem to be solved 
is to strike a balance betWeen stable dispersion of a colorant 
as an essentially Water-insoluble substance in ink and pro 
duction of a printed matter shoWing excellent image quality 
(particularly When recorded on plain paper), excellent rub 
fastness and excellent marker resistance. 

Additionally, the present inventors have also come to ?nd 
that, When processing or modifying a Water-insoluble colo 
rant (particularly When recorded on plain paper), it is nec 
essary to appropriately select the characteristics and amount 
of a material such as a resin and the method for processing 
or modifying the colorant and that all the conventional 
methods are defective in some aspects or insu?icient in 
terms of performance. 

Furthermore, the present inventors have come to the 
conclusion that it is most appropriate to make a resin 
adhered and ?xed to a Water-insoluble colorant and it is 
essential to improve the state in Which the resin is adhered 
and ?xed, the shape of the resin adhered and ?xed to the 
surface of the Water-insoluble colorant and the surface 
characteristics of the Water-insoluble colorant. HoWever, it is 
dif?cult to realize a uniform state for the resin that is adhered 
and ?xed to the surface of the colorant and to control the 
shape and arrangement of the adhered and ?xed resin by any 
of the above described conventional methods. It is also 
dif?cult to effect processing that effectively exploits both the 
characteristics of the resin that is adhered and ?xed to the 
surface of the colorant and the characteristics of the surface 
of the colorant. 

Therefore, it is an object of the present invention to 
provide a dispersible colorant that has suf?ciently high 
dispersibility and a simple and easy method of producing 
such a colorant, by use of a colorant that is essentially 
Water-insoluble. 

It is another object of the present invention to provide an 
aqueous ink for ink jet recording that is formed by using 
such a dispersible colorant and ensures that the colorant can 
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stably be dispersed in the ink and the printed matter obtained 
by using the ink strikes a balance betWeen an excellent 
image quality (image density), and excellent rubfastness and 
excellent marker resistance. 

It is still another object of the present invention to provide 
an ink tank, an ink jet recording apparatus and an ink jet 
recording method to be used With such an ink as Well as an 
ink jet-recorded image formed by using such an ink. 

The present inventors have succeeded in obtaining a novel 
dispersible colorant that can maintain a high degree of 
dispersion stability Without requiring a surfactant and/or a 
polymeric dispersing agent and effectively exploit the 
advantages provided by the coated shape of the Water 
insoluble colorant and the surface characteristics of the 
colorant itself. 

Thus, in an aspect of the present invention, there is 
provided a dispersible colorant comprising a colorant and a 
chargeable resin pseudo ?ne particle of a siZe smaller than 
the siZe of the colorant being ?xed or fused to the colorant, 
Wherein the colorant itself has a surface charge. 

In another aspect of the present invention, there is pro 
vided a method of producing a dispersible colorant com 
prising the steps of preparing an aqueous dispersive solution 
having dispersed therein a Water-insoluble colorant having 
at least one kind of polar group bonded directly or through 
an atomic group to a surface thereof; and subjecting radi 
cally polymeriZable monomers to aqueous precipitation 
polymerization by use of an aqueous radical polymeriZation 
initiator in the aqueous dispersive solution, thereby forming 
a dispersible colorant comprising a chargeable resin pseudo 
?ne particle ?xed or fused to the surface of the Water 
insoluble colorant. 

In still another aspect of the present invention, there is 
provided an aqueous ink comprising the above-mentioned 
dispersible colorant. 

In still another aspect of the present invention, there is 
provided an ink tank containing the above-mentioned aque 
ous ink. 

In still another aspect of the present invention, there is 
provided an ink jet recording apparatus having the above 
mentioned aqueous ink mounted thereon. 

In still another aspect of the present invention, there is 
provided an ink jet recording method comprising forming an 
image by using the above-mentioned aqueous ink With an 
ink jet recording apparatus. 

In a further aspect of the present invention, there is 
provided an ink jet-recorded image formed by using the 
above-mentioned aqueous ink With an ink jet recording 
apparatus. 

Thus, according to the invention, it is noW possible to 
realiZe a process of producing an aqueous ink by effectively 
exploiting the advantages provided by the characteristics of 
the resin adhered and ?xed to the surface of the colorant and 
the surface characteristics of the Water-insoluble colorant 
itself by improving the state of being adhered and ?xed and 
the shape of the adhered and ?xed resin and the surface 
characteristics of the colorant by means of a novel method 
of adhering and ?xing resin a to a colorant so as to make the 
state of arrangement of the resin adhered and ?xed to the 
colorant controllable. Therefore, it is possible to provide a 
dispersible colorant that is essentially Water-insoluble but 
shoWs su?icient dispersion stability and a simple and easy 
method of producing such a colorant. Additionally, it is also 
possible to provide an aqueous ink that is suited to ink jet 
recording formed by using the dispersible colorant in such a 
manner that the colorant can be dispersed stably in the ink 
and the obtained printed matter strikes a balance betWeen 
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6 
high image quality and excellent rubfastness, and an ink tank 
containing such an aqueous ink as Well as an ink jet 
recording apparatus and an ink jet recording method for 
using such an aqueous ink and an ink jet-recorded image 
formed by using such an aqueous ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B and 1C are schematic illustrations of the 
basic structure of a particle of a dispersible colorant having 
chargeable resin pseudo ?ne particles ?xed or fused thereto 
in accordance With the present invention; 

FIGS. 2A, 2B, 2C and 2D are schematic illustrations of 
typical steps of a production method in accordance With the 
invention; 

FIG. 3 is a schematic illustration shoWing hoW chargeable 
resin pseudo ?ne particles are re?ned and ?xed or fused to 
a colorant by a production method in accordance With the 
invention; 

FIG. 4 is an enlarged schematic illustration of chargeable 
resin pseudo ?ne particles that are ?xed or fused to a 
colorant as vieWed from the side of the interface thereof; 

FIG. 5 is an enlarged schematic illustration of an interface 
Where a chargeable resin pseudo ?ne particle is ?xed or 
fused to a colorant; and 

FIGS. 6A and 6B are schematic illustration of a phenom 
enon Where a pigment is partly peeled off When a conven 
tional organic pigment is directly modi?ed by a hydrophilic 
group. 

Throughout the ?gures, reference numeral 1 denotes a 
colorant, 2-1 denotes an chargeable resin pseudo ?ne par 
ticle, 2-2 denotes a partly fused chargeable resin pseudo ?ne 
particle, 2-3 denotes a fused ?at chargeable resin pseudo ?ne 
particle, 3 denotes a dispersing agent, 4 denotes a monomer, 
5 denotes an aqueous solution of a polymerization initiator, 
6 denotes a dispersible colorant, 7 denotes an oligomer 
formed by polymeriZation of monomers, 8 denotes a pre 
cipitate of oligomers produced by insolubiliZation in Water, 
9-1 denotes a hydrophilic monomer unit part of a chargeable 
resin pseudo ?ne particle, 9-2 denotes a hydrophobic mono 
mer unit part of a chargeable resin pseudo ?ne particle, 10 
denotes a site of bonding to a colorant, 11 denotes a ?at 
chargeable resin pseudo ?ne particle adhered to molecules 
1a of a colorant, and 12 denotes a hydrophilic group for 
direct modi?cation of a colorant. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

NoW, the present invention Will be described in greater 
detail by Way of the best mode for carrying out the invention. 
For the purpose of the present invention, the term “dispers 
ible colorant” herein employed refers to a colorant that can 
essentially be dispersed in Water or an aqueous medium 
Without requiring addition of a surfactant or a polymeric 
dispersant for dispersing the colorant, i.e., a colorant having 
self-dispersibility. 

(l) Fixing or Fusion of Chargeable Resin Pseudo Fine 
Particles to Colorant, and Modes and Action/Effect Thereof 
A ?rst characteristic feature of the present invention is 

that chargeable resin pseudo ?ne particles ?x or fuse to a 
Water-insoluble colorant carrying a surface charge that 
alloWs the colorant itself to disperse stably. FIGS. 1A, 1B 
and 1C schematically illustrate the feature of the present 
invention. More speci?cally, FIG. 1A schematically illus 
trates a state in Which chargeable resin pseudo ?ne particles 
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2-1 ?x to a Water-insoluble colorant 1; FIG. 1B schemati 
cally illustrates a state in Which chargeable resin pseudo ?ne 
particles 2-2 that ?x to the surface of a Water-insoluble 
colorant 1 partly fuse to the colorant 1; and FIG. 1C 
schematically illustrates a state in Which ?at chargeable 
resin pseudo ?ne particles 2-3 fuse to a Water-insoluble 
colorant 1. 

The present invention is remarkably characterized in that, 
When a resin attaches and is ?xed to the surface of a 
Water-insoluble colorant, there are tWo modes including one 
mode in Which chargeable resin pseudo ?ne particles ?x to 
the surface While maintaining their shapes to a certain extent 
and the other mode in Which a resin agglomerate of charge 
able resin pseudo ?ne particles fuses in a ?at shape to the 
surface. As a result, the present invention provides various 
actions and effects. 

First, the colorant is provided With a charge given by the 
chargeable resin pseudo ?ne particles ?xing or fusing to its 
surface to become dispersible in Water or aqueous ink 
mediums. Thus, the dispersible colorant is produced. Fur 
ther, at the same time, the dispersible colorant exhibits high 
adhesion to a recording medium due to the presence of the 
resin component ?xing to its surface. Moreover, the dispers 
ible colorant of the present invention exhibits high storage 
stability for extended periods, because the chargeable resin 
pseudo ?ne particles ?xing or fusing to the colorant surface, 
not by mere physical adsorption of the resin component, 
Which is the feature of the dispersible colorant of the present 
invention, are rarely separated from the surface. 

The chargeable resin pseudo ?ne particles for the present 
invention constitute a resin agglomerate in Which the resin 
components are strongly agglomerated With each other, 
preferably having many physical crosslinks inside (resin 
agglomerate is composed of a resin component stably 
present in the form of ?ne particles, Which may be agglom 
erated into still ?ne particles). The chargeable resin pseudo 
?ne particles Will be described in detail later. 

For the purpose of the present invention, the term 
“chargeable resin pseudo ?ne particles” herein employed 
refers to resin agglomerates in Which resin components are 
in a strongly aggregated state. Preferably such resin agglom 
erates form many physical crosslinks inside thereof and are 
stably in the form of ?ne particles, similar ?ne aggregates 
and/ or ?at resin agglomerates. Such chargeable resin pseudo 
?ne particles Will be described in greater detail hereinafter. 

The chargeable resin pseudo ?ne particles ?x or fuse to 
the colorant for the present invention by strong interactions 
betWeen them. This is considered to be achieved by the 
folloWing phenomenon. FIG. 4 is an enlarged vieW sche 
matically shoWing an interface of the chargeable resin 
pseudo ?ne particles With the colorant. It should be noted 
?rst that the chargeable resin pseudo ?ne particles are 
formed at the interface With the colorant by polymers 
composed of various monomer unit compositions, entWined 
With each other. At this time, the polymers locally take 
various structures and hence have a distribution generated in 
the surface energy. The colorant and the chargeable resin 
pseudo ?ne particles are bonded strongly to each other along 
the interface at spots Where the surface energy of the 
colorant that is produced by the chemical structure and the 
surface structure thereof and the surface energy of the 
polymers that is produced by the chemical structure and the 
surface structure thereof agree Well With each other. Further, 
as indicated by reference numeral 10 in FIG. 4, there are a 
plurality of spots Where the surface energies agree With each 
other along the interface Where a single chargeable resin 
pseudo ?ne particle is in contact With the colorant and it is 
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8 
assumed that the ?xing and fusion states of the present 
invention are realiZed by the strong interactions betWeen the 
plurality of spots. 

Incidentally, for the purpose of the present invention, a 
state Where a chargeable resin pseudo ?ne particle is in 
contact With the colorant by, for example 25% or more, 
preferably by 35% or more, of the surface area thereof is 
referred to as “fusion” for the sake of convenience, and it is 
not necessary in this state that the chargeable resin pseudo 
?ne particle and the colorant are melted mixedly With each 
other at the interface. 

Particularly, the polymers that constitute the inside of a 
chargeable resin pseudo ?ne particle are strongly interacting 
With each other and there may be cases Where the polymers 
are entangled With each other to form physical crosslinks, so 
that if the chargeable resin pseudo ?ne particle has many 
hydrophilic groups, the chargeable resin pseudo ?ne particle 
Will not leave the colorant and the resin components having 
hydrophilic groups Will not keep on being eluted from the 
chargeable resin pseudo ?ne particle. 
One of the advantages brought about by the chargeable 

resin pseudo ?ne particles that are ?xed or fused to the 
dispersible colorant is that the speci?c surface area of the 
dispersible colorant is increased due to its shape and the 
electric charge that the chargeable resin pseudo ?ne particles 
have on the surfaces thereof can be made to distribute on 
many parts of the dispersible colorant. Because the dispers 
ible colorant has a large speci?c surface area, the electric 
charge of the chargeable resin pseudo ?ne particles can be 
highly e?iciently turned into the surface charge of the 
dispersible colorant. In other Words, the shape of the dis 
persible colorant in accordance With the invention provides 
an advantage that more surface charge can be arranged 
ef?ciently on the surface of the dispersible colorant, so that 
When compared With the shape of coating a colorant With a 
resin as typically disclosed in Japanese Patent Application 
Laid-Open No. H08-l83920, it is possible to impart high 
dispersion stability even if the effective acid value or amine 
value of the resin component is small. 

In the case of a dispersible colorant in accordance With the 
invention formed by using an organic pigment, because a 
plurality of spots of interaction of the chargeable resin 
pseudo ?ne particles are distributed randomly in a state in 
Which they are ?xed or fused to the colorant as described 
above, an chargeable resin pseudo ?ne particle 11 Will be 
?xed at the same time to a number of pigment molecules 1a 
in the pigment crystal (see FIG. 5). Therefore, the pigment 
peeling off due to local hydrophiliZation of pigment mol 
ecules as illustrated in FIGS. 6A and 6B Will never take 
place in a dispersible colorant in accordance With the present 
invention. When an organic pigment is used for forming a 
colorant in accordance With the present invention, it is 
preferable to control the siZe of chargeable resin pseudo ?ne 
particles to be smaller than the siZe of pigment particles but 
larger than the siZe of pigment molecules, Whereby it is 
possible to obtain a dispersible colorant of an organic 
pigment that is highly dispersive Without destroying the 
crystal structure of the pigment. 

For the purpose of the present invention, the state in 
Which chargeable resin pseudo ?ne particles are “?xed” or 
“fused” to a colorant can be simply con?rmed by means of 
a technique that involves three separation steps as described 
beloW. In the ?rst separation step, the colorant in question 
and the other Water-soluble components (including Water 
soluble resin components) contained in the ink or aqueous 
dispersion product are separated from each other. In the 
second separation step, the colorant and the Water-insoluble 
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resin components contained in the precipitate that is pro 
duced in the ?rst separation step are separated from each 
other. Then, in the third separation step, the resin compo 
nents that are Weakly adsorbed and the dispersible colorant 
having chargeable resin pseudo ?ne particles ?xed or fused 
thereto are separated from each other. Then, it is possible to 
con?rm the state in Which chargeable resin pseudo ?ne 
particles are ?xed or fused to the colorant by quantifying the 
resin components contained in the supernatant obtained in 
the third separation step and comparing the precipitate 
produced in the second separation step With the precipitate 
produced in the third separation step. More speci?cally, such 
a state can be con?rmed in a manner as described beloW. 20 

g of the ink or the aqueous dispersion product in Which the 
colorant is dispersed is regulated so as to make all the solid 
contents equal to about 10% by mass. Then, the ?rst 
separation step is conducted in a centrifugal separator under 
the condition of 12,000 rpm for 60 minutes. Of the separa 
tion products, the precipitate of the loWer layer that contains 
the colorant is redispersed in pure Water shoWing a Weight 
three times greater than that of the precipitate and subjected 
to the second separation step in a centrifugal separator under 
the condition of 80,000 rpm for 90 minutes. Of the separa 
tion product, again, the precipitate of the loWer layer that 
contains the colorant is redispersed in pure Water shoWing a 
Weight three times greater than that of the precipitate and 
subjected to the third separation step in a centrifugal sepa 
rator under the condition of 80,000 rpm for 90 minutes. 
Then, the precipitate of the loWer layer that contains the 
colorant is redispersed in pure Water shoWing a Weight three 
times greater than that of the precipitate. A specimen of the 
precipitate produced by the second separation step is taken 
so as to contain solid by about 0.5 g and another specimen 
of the precipitate produced by the third separation step is 
taken so as to contain solid by about 0.5 g. Then, the both 
specimens are dried under reduced pressure at 30° for 18 
hours and observed through a scanning electron microscope 
With a magni?cation of 50,000><. If it is con?rmed by 
microscopic observation that a plurality of pieces of a ?ne 
particulate substance or similar ?ne agglomerates are adher 
ing to the surface of the dispersible colorant and the pre 
cipitate of the second separation step and that of the third 
separation step have the same shape, it is judged that resin 
pseudo ?ne particles are ?xed or fused to the colorant. 
Additionally, about a half by volume of the supernatant of 
the upper layer produced by the third separation step is taken 
from above and dried at 60° for 8 hours. Then, computa 
tionally determine the solid content on the basis of the 
change in the mass before and after the drying. If the solid 
content is smaller than 1% by mass, it is judged that no resin 
pseudo ?ne particles have left the dispersible colorant and 
the resin pseudo ?ne particles are ?xed or fused to the 
dispersible colorant. 

While the above described separation process is a pre 
ferred example for the purpose of the present invention, any 
separation process or method that can achieve the objectives 
of the above-described ?rst to third separation steps may be 
used for determining the state of a dispersible colorant in 
accordance With the invention. More speci?cally, the objec 
tive of the ?rst separation step is to separate the resin 
component and the Water-soluble component if the ink or the 
aqueous dispersion product contains a colorant and a resin 
component adsorbed to the colorant. The objective of the 
second separation step is to separate the colorant and the 
resin component that is ?xed or fused to the colorant from 
the resin component that is adsorbed to the colorant. The 
objective of the third separation step is to make sure that the 
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10 
resin component that is ?xed or fused to the colorant does 
not leave the colorant. Any separation techniques including 
those that are knoWn and those that are neWly developed 
may be used for the purpose of the present invention so long 
as such techniques can achieve the objectives of the ?rst to 
third separation steps. Additionally, the number of steps may 
be larger than or smaller than three. 
The second characteristic feature of the present invention 

is that the dispersible colorant is “dispersed by itself’ in a 
state such that chargeable resin pseudo ?ne particles 2-1 are 
?xed to the Water-insoluble colorant 1 or ?at chargeable 
resin pseudo ?ne particles are fused to the Water-insoluble 
colorant 1. 
As described above, the dispersible colorant in accor 

dance With the present invention is essentially a self-dis 
persing colorant that ca be stably dispersed in Water and in 
aqueous ink Without using a surfactant or a polymeric 
dispersing agent. The de?nition of a self-dispersing colorant 
and a method of determining such a colorant Will be 
described in greater detail beloW. Thus, the dispersible 
colorant in accordance With the invention does not require 
any polymeric dispersing agent or other resin components 
that may leave the colorant for a long period or a surfactant 
to be added thereto for the purpose of stabiliZing the 
dispersion of the colorant. As a result, the present invention 
provides an enhanced degree of design freedom for the 
components other than the dispersible colorant so that, for 
example, it is possible to produce an aqueous ink that 
provides a suf?ciently high image density on a recording 
medium Where ink penetrates to a large extent such as plain 
paper. 
The self-dispersibility of the dispersible colorant in accor 

dance With the invention can be con?rmed typically in a 
manner as described beloW. The ink or the aqueous disper 
sion product in Which the colorant is dispersed is diluted to 
10 times volume With pure Water and then condensed by 
means of an ultra-?ltration ?lter of a cutoff molecular Weight 
of 50,000 to restore the original concentration. The conden 
sate solution is subjected to a separation process using a 
centrifugal separator under the condition of 80,000 rpm for 
90 minutes. Then, the precipitate is taken out and redis 
persed in pure Water. If the precipitate can be redispersed 
Well, the colorant is judged to have self-dispersibility. The 
Well re-dispersion can be determined comprehensively by 
the facts that uniform dispersion can be con?rmed by visual 
observation, that a remarkable precipitate is not produced 
When left to stand for one to tWo hours, or if any, it 
disappears When shaken lightly, and that When the diameters 
of the dispersed particles are measured by the dynamic light 
scattering method, the average particle diameter is not more 
than tWice the particle diameter before the processing. 
As described above, the dispersible colorant in accor 

dance With the invention takes a form that has a high speci?c 
surface area by having chargeable resin pseudo ?ne particles 
?xed or fused the colorant, and much electric charge is 
carried by the Wide surface to realiZe excellent storage 
stability. Therefore, chargeable resin pseudo ?ne particles 
provide a great advantage When they are ?xed or fused to the 
colorant in a large number in a scattered manner. Particu 
larly, it is preferable that the chargeable resin pseudo ?ne 
particles that are ?xed or fused to the colorant are apart from 
each other by a given distance and distributed uniformly. It 
is more preferable that the surface of the colorant is exposed. 

Such a form can be con?rmed When a dispersible colorant 
in accordance With the invention is observed through a 
transmission electron microscope or scanning electron 
microscope. More speci?cally, it Will be observed that a 
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plurality of chargeable resin pseudo ?ne particles are ?xed 
to the surface of the colorant and the surface of the colorant 
is exposed betWeen the chargeable resin pseudo ?ne par 
ticles ?xed to the surface. Incidentally, chargeable resin 
pseudo ?ne particles may be observed to be partly located 
very close to each other and in some cases ?xed and fused. 
However, When they are separated from each other by a 
certain distance as a Whole; the surface of the colorant is 
partly exposed; and such a state is distributed, it is obvious 
to those skilled in the art that the chargeable resin pseudo 
?ne particles can be considered to be scattered With regard 
to and ?xed or fused to the colorant. 

For the purpose of the present invention, the surface 
functional group density that is attributable to the fact that 
the dispersible colorant has a polar group is preferably not 
less than 250 umol/g but less than 1,000 umol/g, more 
preferably not less than 290 umol/ g but less than 900 umol/ g 
in terms of mass average. If the surface functional group 
density is less than 250 umol/g, it may not be possible to 
su?iciently maintain the dispersion stability When the dis 
persible colorant is stored for a long period of time. Further, 
if the surface functional group density is considerably larger 
than 1,000 umol/g, the dispersion stability becomes su?i 
ciently high, but there is a case Where When the dispersible 
colorant is applied to a recording medium as an aqueous ink, 
the colorant can easily penetrate into the recording medium, 
so that it may be difficult to secure a high print density. 
On the other hand, When carbon black is used for the 

colorant, because carbon black has a high speci?c gravity 
and hence requires a higher surface functional group density 
in order to su?iciently maintain the dispersion stability for a 
long period of time, and ?lrther because a higher black 
density is required on a recording medium, the surface 
functional group density is preferably set to be not less than 
350 umol/g but less than 800 umol/g. 

Particularly, When the surface charge of a dispersible 
colorant in accordance With the invention is anionic, the 
surface functional group density can be determined in a 
manner as described beloW. Ahighly excessive amount of an 
aqueous HCl solution is added to the dispersible colorant or 
aqueous ink thereof and forced to precipitate in a centrifugal 
separator under the condition of 20,000 rpm for 60 minutes. 
After the precipitate is collected and redispersed in pure 
Water, the solid content is measured by a drying method. The 
redispersed precipitate is Weighed and a knoWn amount of 
sodium hydrogen carbonate is added. Then, the liquid con 
taining the dispersed precipitate is stirred and subjected to a 
centrifugal operation in a centrifugal separator under the 
condition of 80,000 rpm for 2 hours for precipitation. The 
supernatant is Weighed and titrated With 0.1 N hydrochloric 
acid for neutralization and the surface functional group 
density is determined in terms of the number of moles per 1 
g of the dispersible colorant by subtracting the knoWn 
amount of sodium hydrogen carbonate from the amount for 
neutralization. When the dispersible colorant has a cationic 
group as a polar group, the surface functional group density 
is determined folloWing the same procedure as mentioned 
above With the exception that hydrochloric acid and sodium 
hydrogen carbonate are replaced by sodium hydroxide 
(NaOH) and ammonium chloride, respectively. 

(2) Surface Charge of Water-Insoluble Colorant Itself 
The third characteristic feature of the present invention is 

that a Water-insoluble colorant in accordance With the inven 
tion itself has a surface charge. The expression “have a 
surface charge” herein employed is intended to mean that in 
an aqueous dispersion in Which a colorant having resin 
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12 
pseudo ?ne particles ?xed thereto is dispersed, the Water 
insoluble colorant itself is in a state in Which it can disperse 
itself stably in Water or in aqueous ink Without using a 
surfactant or a polymeric dispersing agent, in other Words, 
the Water-insoluble colorant itself has a self-dispersibility. 

Thus, according to the present invention, because not only 
the chargeable resin pseudo ?ne particles but also the 
Water-insoluble colorant itself have a surface charge, it is 
possible to realiZe the coating effect of chargeable resin 
pseudo ?ne particles ?xed or fused to a colorant, Which is the 
above-mentioned ?rst characteristic feature, and at the same 
time to control the a?inity or the repulsion of the colorant 
relative to the surface of recording paper, Which is the 
recording medium to be used for recording. As a result, a 
study conducted by the present inventors has con?rmed that 
this characteristic feature of the present invention overcomes 
the problem of the knoWn techniques of microcapsule type 
colorant of difficulty of realiZing a desired image density due 
to the easy penetration/diffusion of such colorant into plain 
paper. 

The surface charge of a Water-insoluble colorant itself in 
accordance With the present invention is measured When the 
chargeable resin pseudo ?ne particles ?xed or fused to the 
Water-insoluble colorant in ink are forced to leave and/or 
become dissolved and subsequently the Water-insoluble 
colorant is dispersed in Water, Which is different from that 
observed by adsorbing a dispersing agent such as a surfac 
tant or a polymer resin. That is, this means that a dispersing 
component exists on the surface of the Water-insoluble 
colorant in a state in Which it is not easily forced to leave 
and/or become dissolved by an organic solvent or the like 
and a polar group is bonded to the surface of the Water 
insoluble colorant itself. 

More speci?cally, a Water-insoluble colorant in accor 
dance With the invention is so processed as to become 
dispersed in such a Way that a hydrophilic group is bonded 
to the surface of the Water-insoluble colorant directly or 
through an atomic group. Examples of the hydrophilic group 
that can be used for the purpose of the present invention 
include anionic groups such as 4COOMI, iSO3Ml and 
iPO3H(Ml)2 (Wherein Ml represents a hydrogen atom, 
alkali metal, ammonium group or organic ammonium 
group). 
Any of the above listed various hydrophilic groups may 

be directly bonded to the surface of the Water-insoluble 
colorant. Alternatively, the hydrophilic group may be indi 
rectly bonded to the surface of the pigment With interposi 
tion of an atomic group betWeen the surface of the pigment 
and the hydrophilic group. In the present invention, it is 
preferable that the hydrophilic group is bonded to the 
surface of the pigment through an atomic group. 
Examples of the atomic group that can be used for the 

purpose of the present invention include a linear or branched 
alkylene group having 1 to 12 carbon atoms, a substituted or 
unsubstituted phenylene group and a substituted or unsub 
stituted naphthylene group. Examples of the substituent for 
the phenylene and naphthylene group that can be used for 
the purpose of the present invention include an alkyl group 
(e.g., methyl group). Further, examples of the combination 
of the atomic group and the hydrophilic group that can be 
used for the purpose of the present invention include 
%2H4iCOOMl, iPhiSO3Ml, iPh%OOMl 
(Wherein Ph represents a phenyl group). A colorant having 
4COOMI group or iSO3Ml group of the above listed 
anionic groups is preferable because it can be dispersed Well 
in an aqueous medium of ink. 
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A Water-insoluble colorant having a hydrophilic group 
bonded directly or through an atomic group to the surface 
thereof as described above has the characteristic feature such 
that it can be dispersed in Water even after forcing the 
chargeable resin pseudo ?ne particles ?xed or fused to the 
Water-insoluble colorant to leave and/or become dissolved. 
More speci?cally, it is possible to determine Whether a 
colorant itself has a surface charge or not in a manner as 
described beloW. 
A dispersible colorant or an ink in accordance With the 

invention is subjected to centrifugation in a centrifuge under 
the conditions of 12,000 rpm for 60 minutes. After the 
separation, the loWer precipitate that contains the dispersible 
colorant is taken out and put into an organic solvent that can 
dissolve a resin such as toluene or acetone. Then, as a result, 
the chargeable resin pseudo ?ne particles that are ?xed or 
fused to the colorant Will be dissolved to leave the Water 
insoluble colorant and the Water-insoluble colorant itself is 
left to exist in the organic solvent. Then, the solvent con 
taining the Water-insoluble colorant is subjected to centrifu 
gation in a centrifuge under at 80,000 rpm to precipitate and 
separate the Water-insoluble colorant. The obtained colorant 
is Washed and then redispersed in pure Water. 

In the case of a dispersible colorant in accordance With the 
invention Where the colorant serving as a core itself has a 
surface charge, it is possible to re-disperse the taken out 
Water-insoluble colorant in the above described manner and 
measure the surface charge. On the other hand, in the case 
of a colorant prepared by adsorbing a dispersing agent such 
as a surfactant or polymer resin and an aqueous dispersion 
or ink prepared by Way of a conventional microencapsula 
tion process, the adsorbed component is dissolved to leave 
the Water-insoluble colorant When put into an organic sol 
vent, so that it is not redispersed in pure Water and hence, it 
is not possible to measure the surface charge of the Water 
insoluble colorant itself, unlike the present invention. 

For the Water-insoluble colorant to be redispersed, it is 
naturally preferable that it takes a form of ?ne particles. 
Thus, the Water-insoluble colorant in the state of ?ne par 
ticles has a surface charge. Having a surface charge means 
being positively or negatively charged. Incidentally, in a 
state in Which a Water-insoluble colorant is dispersed in 
Water, the Water-insoluble colorant is surrounded by ions of 
an opposite polarity that are called ion stationary phase. 
Furthermore, ions of a polarity opposite to that of the ion 
stationary phase and ions of the same polarity as of the ion 
stationary phase coexist at the outside of the ion stationary 
phase to form an area that appears like a cloud of ions. This 
is called a diffuse double layer, Which is electrically neutral 
as a Whole. 

When a Water-insoluble colorant in accordance With the 
invention itself is redispersed in Water and a positive and 
negative voltage is applied to the both sides of the Water 
dispersant, the Water-insoluble colorant are attracted toWard 
the electrode of the opposite polarity so as to move With the 
ion stationary phase and a part (inside of glide plane) of the 
diffuse double layer. Here, the electric potential of a ?ne 
particle that includes a glide plane, namely the inside of the 
Water-insoluble colorant is referred to as Zeta potential. If the 
Water-insoluble colorant has a surface charge and hence can 
be dispersed, the Zeta potential can be measured by some 
methods. On the other hand, as the Zeta potential approaches 
Zero, ?ne particles Will aggregate, unlike the present inven 
tion. 

For the purpose of the present invention, the surface 
charge of a Water-insoluble colorant in accordance With the 
invention is con?rmed by measuring the above described 
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Zeta potential and its value is determined by the microscopic 
electrophoresis. More speci?cally, electrophoresis begins 
When the Water-insoluble colorant is dispersed in Water and 
a voltage is applied thereto, and the mobility of ?ne particles 
of the Water-insoluble colorant is con?rmed With a micro 
scope and the moving speed of a ?ne particle is determined 
on the basis of the moving distanced thereof. At this time, 
the mobility of the ?ne particles relates to the dielectric 
constant and viscosity of the measured liquid and also to the 
potential difference at a boundary of the moving ?ne par 
ticles and the liquid. At this time, the measured Zeta potential 
is expressed by the SmoluchoWski’s formula: 

‘gqmn/exumooxaooxnooo (1) 

U (electrophoretic mobility):v/V/L (2), 

Wherein 
<Q: Zeta potential (unit: mV), 
n: viscosity of liquid (poise), 
v: velocity of ?ne particle (cm/sec), 
V: voltage (volt), 
E: dielectric constant of solution 
L: inter-electrode distance (cm) 
For the purpose of the present invention, the Water 

insoluble colorant is redispersed in pure Water and subse 
quently diluted With pure Water to an appropriate concen 
tration. Thereafter, While observing the moving speed of the 
colorant by a microscope in a state in Which a constant 
electric ?eld is applied thereto and the moving speed of the 
observed particle is metered by an image processing 
method. 

For the purpose of the present invention, it is preferable 
that the Zeta potential measured as the surface charge of the 
Water-insoluble colorant itself is not less than —100 mV but 
no more than —l5 mV in terms of a negative value and not 
less than 10 mV but no more than 70 mV in terms of a 
positive value. If the negative value is more than —l5 mV, it 
is understood that the Water-insoluble colorant does not have 
a surface charge to alloW itself to be stably dispersed. If, on 
the other hand, the negative value is less than 10 mV, it is 
also understood that the Water-insoluble colorant does not 
have a surface charge to alloW itself to be stably dispersed. 
Further, setting the Zeta potential or the surface charge of the 
Water-insoluble colorant Within either of the above-men 
tioned ranges advantageously acts on the interaction 
betWeen the surface charge and the siZing agent on the 
surface of paper, Which Will be described in greater detail 
hereinafter. If the Zeta potential is less than —100 mV or 
more than 70 mV, the interaction betWeen the surface charge 
and the siZing agent on the surface of paper may be 
insu?icient, so that it may become dif?cult to sufficiently 
improve the Waterfastness. 

(3) Interaction of Fixing or Fusion of Chargeable Resin 
Pseudo Fine Particles and Surface Charge of Water-In 
soluble Colorant Itself 

In the present invention, as described above, by ?xing or 
fusing chargeable resin pseudo ?ne particles to the Water 
insoluble colorant to attain dispersion thereof, improvement 
of the dispersion stability as Well as improvement of the 
rubfastness through the bonding force of the resin compo 
nent of the resin ?ne particles to paper can be made possible. 
Additionally, improvement in the absorbability of a solvent 
as Well as the ?xability resulting from capillary phenomenon 
of the ink solvent oWing to the shape of the resin ?ne 
particles can be accomplished. Furthermore, it has been 
found that, Without damaging such characteristics, because 
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the Water-insoluble colorant has a surface charge, the surface 
charge acts on a sizing agent or the like existing on the 
surface of plain paper and further suppresses the penetration 
and diffusion of the Water-insoluble colorant itself into the 
paper, thereby making it possible to improve the image 
density. 

Additionally, for the purpose of the present invention, it is 
desirable that chargeable resin pseudo ?ne particles are 
scattered and ?xed or fused to the Water-insoluble colorant. 
Particularly, it is preferable that chargeable resin pseudo ?ne 
particles having a polar group are ?xed or fused to the 
colorant and it is desirable that the resin ?ne particles that 
are fused to the colorant are separated from each other by a 
certain distance so that the surface of the colorant may be 
partly exposed. In other Words, for the purpose of the present 
invention, the surface of the Water-insoluble colorant are not 
completely covered by chargeable resin pseudo ?ne particles 
because the chargeable resin pseudo ?ne particles are scat 
tered and ?xed or fused to the Water-insoluble colorant. 
Therefore, some of the polar groups of the Water-insoluble 
colorant are exposed to make the effects of the surface 
charge of the colorant described above more remarkable. 

In other Words, since chargeable resin pseudo ?ne par 
ticles are scattered and ?xed to the Water-insoluble colorant, 
separation of solid and liquid takes place quickly When the 
colorant passes through a stage Where the Water-insoluble 
colorant are absorbed quickly by the ink solvent because of 
the capillary phenomenon of the colorant so that the effects 
of the surface charge of the colorant can easily appear. 
Presumably, the reason is that separation of solid and liquid 
takes place quickly When the surface charge of the Water 
insoluble colorant act on the sizing agent or the like on the 
surface of paper so that the colorant itself is dispersed and 
destroyed quickly to consequently reduce the extent by 
Which the Water-insoluble colorant sinks in ?bers of paper. 
In short, the present invention can advantageously control 
the image density and reduce the degree of blurring of 
printed characters. 

Additionally, as for the ?xing effect, the present inventors 
have conducted a study and come to ?nd that chargeable 
resin pseudo ?ne particles are apt to stay on the surface of 
paper While effectively exploiting the effect of ?xing and/or 
fusion state, and encourage the solvent, Which is absorbed to 
?bers of paper in an accelerated manner due to separation of 
solid and liquid, to become separated from the Water 
insoluble colorant. Then, consequently the ?xing effect is 
improved. Furthermore, the bonding force of chargeable 
resin pseudo ?ne particles that are ?xed or fused to the 
Water-insoluble colorant is boosted after ?xation to provide 
an excellent rubfastness. Thus, While the image density, the 
?xability, the rubfastness develop in a contradictory manner 
With the conventional pigment ink and are hardly compat 
ible, they develop in harmony With an ink in accordance 
With the invention. The present inventors believe that the 
function of chargeable resin pseudo ?ne particles that are 
?xed or fused to the Water-insoluble colorant and the func 
tion of the surface condition of the Water-insoluble colorant 
are separated from each other in such a Way that they 
provide a synergetic effect to alloW the image density, the 
?xability and the rubfastness to develop in a highly com 
patible manner. 

(4) Difference betWeen Present Methods of Producing Dis 
persible Colorant and Ink, and Conventional Production 
Methods 

The method of producing a dispersible colorant in accor 
dance With the present invention is characterized by sub 
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16 
jecting radical polymerizable monomers to aqueous precipi 
tation polymerization by using an aqueous radical 
polymerization initiator in a state in Which a Water-insoluble 
colorant having at least one kind of polar groups bonded 
directly or through an atomic group to a surface thereof is 
dispersed in Water and causing chargeable resin pseudo ?ne 
particles to be ?xed or fused to the surface of the Water 
insoluble colorant. 

According to the present invention, a Water-insoluble 
colorant having at least one kind of polar groups bonded 
directly or through an atomic group to a surface thereof is 
held in a state of being dispersed Well in Water. Then, radical 
polymerizable monomers are subjected to precipitation 
polymerization in Water by using a highly compatible aque 
ous radical polymerization initiator in the aqueous disper 
sion. The particles produced by the precipitation polymer 
ization are polymers constituted by hydrophilic monomers 
and hydrophobic monomers and gradually precipitate and 
become ?xed or fused to the hydrophobic surface of the 
Water-insoluble colorant that are dispersed in Water. The 
terms “?xing” and “fusion” differ from the term “adsorp 
tion” by a conventional dispersing agent such as polymer 
resin and mean “?rm ?xing”. The Water-insoluble colorant 
in accordance With the invention differs from those produced 
by phase conversion emulsi?cation/microencapsulation of 
the conventional production methods that is conducted in a 
system in Which a colorant is dispersed in a solvent. With the 
conventional production methods, a colorant is dispersed in 
a resin solvent solution and a base is mixed and dissolved for 
neutralization in order to produce a self-dispersing resin. 
Then, an aqueous medium that contains Water as indispens 
able ingredient is mixed typically by dropping for emulsi 
?cation, Which is a so-called phase conversion emulsi?ca 
tion. Thus, such an aqueous dispersion product remarkably 
differs from a product in accordance With the present inven 
tion. 

According to the invention, a Water-insoluble colorant 
having at least one kind of polar groups bonded directly or 
through an atomic group to a surface thereof is held in a state 
of being dispersed Well in Water and then resin is produced 
by precipitation polymerization. Therefore, round or ?at 
chargeable resin pseudo ?ne particles are ?xed or fused to 
the surface of the Water-insoluble colorant. Thus, according 
to the present invention, all the production steps are con 
ducted in Water so that the resin becomes round or ?at ?ne 
particles that shoW a high speci?c surface area When it 
covers the Water-insoluble colorant. Additionally, ?ne par 
ticles of the resin can be made to scatter on the surface of the 
Water-insoluble colorant. In other Words, according to the 
invention, ?ne particles of the resin are sequentially formed 
by the above-described method so that it is possible to make 
them to be ?xed to and cover the surface of the Water 
insoluble colorant, While partly exposing the surface of the 
Water-insoluble colorant. Additionally, the scattered ?ne 
particles can be formed uniformly to a certain extent. 

With conventional phase conversion emulsi?cation meth 
ods, on the other hand, it is necessary to dry and disperse a 
Water-insoluble colorant having at least one kind of polar 
groups bonded directly or through an atomic group to a 
surface thereof in a resin solvent solution. At this time, 
hoWever, by the conventional methods, the resin can not be 
formed as ?ne particles to be ?xed or fused to the surface of 
the Water-insoluble colorant. Nor is it possible by any 
conventional methods to scatter the resin and make it to be 
?xed or fused. In other Words, because of the shape of the 
coating, it is dif?cult With the conventional methods to 
scatter those parts having a surface charge of the Water 
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insoluble colorant itself uniformly to a certain extent. Thus, 
the surface condition and the condition of the electric charge 
of the obtained aqueous dispersion product differ from those 
of the present invention. 

(5) Detailed Description of Constituting Materials of Dis 
persible Colorant in Accordance With Present Invention and 
Method of Producing Same 

<Water-Insoluble Colorant> 
NoW, a Water-insoluble colorant that is an indispensable 

ingredient of an ink to be used for ink jet recording in 
accordance With the present invention Will be described 
beloW. Any colorant may be used that is insoluble to Water 
and capable of having a surface charge by itself and being 
stably dispersed in Water by ?xing or fusion of chargeable 
resin pseudo ?ne particles thereto. Examples of such colo 
rants include hydrophobic dyes, inorganic pigments, organic 
pigments, metal colloids and colored resin particles. The 
Water-insoluble colorant in accordance With the invention, 
When dispersed to form particles, has a particle diameter of 
preferably not less than 0.01 pm but no more than 0.5 pm 
(not less than 10 nm but no more than 500 nm), more 
preferably not less than 0.03 pm but no more than 0.3 pm 
(not less than 30 nm but no more than 300 nm). A dispersible 
colorant Whose particles have a diameter Within the above 
identi?ed range shoWs a high coloring poWer and a high 
Weatherability. The above described diameter of dispersed 
particles is a cumulant average value of the particle diam 
eters observed by a dynamic light scattering method. 

Examples of inorganic pigments that can effectively be 
used as colorant for the purpose of the present invention 
include carbon black, titanium oxide, Zinc White, Zinc oxide, 
Tripon, iron oxide, cadmium red, molybdenum red, chrome 
vermillion, molybdate orange, yelloW lead, chromium yel 
loW, cadmium yelloW, yelloW iron oxide, titanium yelloW, 
chromium oxide, Pyridian, cobalt green, titanium cobalt 
green, cobalt chromium green, deep blue, ultramarine blue, 
Prussian blue, cobalt blue, cerulean blue, manganese violet, 
cobalt violet and mica. 

Examples of organic pigments that can effectively be used 
as colorant for the purpose of the present invention include 
those based on aZo, aZomethine, polyaZo, phthalocyanine, 
quinacridone, anthraquinone, indigo, thioindigo, quinoph 
thalone, benZimidaZolone, isoindoline and isoindolinone. 

Examples of organic Water-insoluble colorants that can be 
used for the purpose of the present invention include hydro 
phobic dyes, such as those based on aZo, anthraquinone, 
indigo, phthalocyanine, carbonyl, quinoneimine, methine, 
quinoline and nitro. Of these, dispersed dyes are particularly 
preferable. (Surface charging process for Water-insoluble 
colorant) 

For the purpose of the present invention, any of the above 
listed Water-insoluble colorant is treated so as to have a 
surface charge by itself. In other Words, an electric charge is 
bonded to the surface of the Water-insoluble colorant 
directly or through an atomic group. The atomic group that 
is bonded to the surface of the Water-insoluble colorant is 
preferably a polar group, and an anionic group or cationic 
group is appropriately selected as a polar group. 

Examples of an anionic group include iCOOM, 
iSO3M, iPO3HM, iPO3M2, iSO2NH2, and 
iSOZNHCOR, (Where M represents a hydrogen atom, 
alkali metal, ammonium or organic ammonium and R rep 
resents an alkyl group having 1 to 12 carbon atoms, a 
substituted or unsubstituted phenyl group or a substituted or 
unsubstituted naphthyl group). Examples of the substituent 
for phenyl group and naphthyl group include a linear or 
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18 
branched alkyl group having 1 to 6 carbon atoms. In the 
present invention, of the above listed groups, 4COOM and 
iSO3M are preferable from the vieWpoint of being bonded 
to the surface of the Water-insoluble colorant. 

If “M” in the above listed hydrophilic groups is an alkali 
metal, it may be selected from lithium, sodium and potas 
sium. If “M” is organic ammonium, it may be selected from 
mono-, di-, and trimethylammonium, mono-, di-, and tri 
ethylammonium and mono-, di-, and trimethanolammo 
nium. 
As for the method of obtaining a Water-insoluble colorant 

in the form of having an anionic surface charge, a method of 
oxidiZing a colorant With sodium hypochlorite may be 
employed to introduce 4COONa to the surface of colorant, 
although the present invention is by no means limited 
thereto. 

Particularly, carbon black generally has a hydrophobic 
surface. More particularly, carbon black that is produced by 
Way of a furnace process scarcely has hydrophilic groups 
such as carboxyl group and hydroxyl group on the surface of 
the pigment and hence the surface thereof is hydrophobic. In 
order to make the surface of such carbon black hydrophilic, 
it is preferable to impart hydroxyl group or carboxyl group 
to the surface by Way of an oxidation process. On the other 
hand, of the carbon black, gas black that is available from 
Degussa and produced in a relatively oxygen-rich environ 
ment has hydrophilic groups on the surface thereof and may 
also be used for the purpose of the present invention. 
Examples of gas black available from Degussa include 
FWl, FW2 and FW200 (trade names). 
The degree of oxidation of the surface of such carbon 

black is evaluated by the volatile content (%) of carbon 
black. Generally, a gas is generated When carbon black is 
heated to about 1,0000 C. in vacuum, the type of the 
generated gas being dependent on the kind of the functional 
group existing on the surface of carbon black, so that the 
type and amount of the functional group on the surface can 
be determined by analyZing the total amount or species of 
the generated gas. Further, it can be seen that the larger the 
total Weight loss on heating, the larger the amount of the 
hydrophilic group on the surface of the carbon. 

For the purpose of the present invention, the Weight loss 
on heating is preferably not less than 2 mass % but no more 
than 20 mass %. If the Weight loss is less than the above 
loWer limit, the surface of the colorant is poorly hydrophilic 
and hence it may not be possible to attain su?icient disper 
sion stability. If, on the other hand, the Weight loss is more 
than the above upper limit, it may not be possible to obtain 
a sufficient image density and defects such as bleeding that 
damage the image quality may appear. 
A technique that can be used to raise the degree of 

oxidation of the surface of carbon black is the use of a Wet 
oxidation process. With this process, carbon black is 
immersed in an aqueous phase and an oxidiZing agent such 
as a peroxo diacid or peroxo diacid salt is added thereto to 
make them react With each other at 60 to 90° C. to effect 
surface oxidation. More speci?cally, a method described in 
Japanese Patent Application Laid-Open No. 2003-183539 
may be used for such a Wet oxidation process to be con 
ducted on carbon black. Another Wet oxidation process 
using a hypochlorite such as sodium hypochlorite or potas 
sium hypochlorite as described in Japanese Patent Applica 
tion Laid-Open No. 2003-96372 may also be used. With this 
process, When a relatively hydrophilic carbon such as gas 
black or acid black for oxidation, more uniform oxidation 
can be realiZed. 
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As cationic groups, the use of quaternary ammonium 
group is preferable. The use of any of the quaternary 
ammonium groups listed below is more preferable. For the 
purpose of the present invention, any of the listed quaternary 
ammonium groups are preferably bonded to the surface of 
the colorant. 

As a method for producing a Water-insoluble colorant 
having a cationic group bonded thereto, a method of bonding 
N-ethylpyridyl group having a structure as described beloW 
may be used. With this method, the colorant is treated With 
3-amino-N-ethylpyridiniumbromide, although the present 
invention is by no means limited thereto. 

Further, for the purpose of the present invention, the polar 
group as listed above may be bonded to the surface of the 
pigment through an atomic group. Examples of such an 
atomic group include an alkyl group having 1 to 12 carbon 
atoms, substituted or unsubstituted phenyl group and sub 
stituted or unsubstituted naphthyl group. Examples of the 
above-mentioned hydrophilic group bonded to the surface of 
a colorant through an atomic group include iC2H4COOM, 
iPhSO3M and iC5HlONH3, although the present inven 
tion is by no means limited thereto. 

Techniques that can be used to introduce a polar group to 
the surface of the colorant include a method of diaZotiZing 
p-aminobenZensulfonic acid and causing it to react With the 
colorant, although the present invention is by no means 
limited thereto. For introducing a hydrophilic functional 
group by diaZotiZation as described above, it is desirable that 
the colorant does not have any primary amine in order to 
suppress side reactions. 

(Chargeable Resin Pseudo Fine Particles) 
Chargeable resin pseudo ?ne particles that are another 

component of a dispersible colorant in accordance With the 
invention are de?ned to be micro-bodies that are substan 
tially insoluble in Water and are smaller than the colorant to 
Which they ?x or fuse and are formed by agglomerating a 
resin component having a suf?ciently high degree of poly 
meriZation. They take a form of pseudo sphere When they are 
?xed Whereas they take a form of pseudo ellipsoid When 
they are fused. Further, the siZes of a large number of 
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chargeable resin pseudo ?ne particles fall Within a given 
range. Preferably, the resin component of the chargeable 
resin pseudo ?ne particles is physically or chemically cross 
linked. A technique as described beloW may be used to see 
Whether the resin component of chargeable resin pseudo ?ne 
particles is cross-linked or not. The resin component con 
stituting chargeable resin pseudo ?ne particles is estimated 
in advance by means of a knoWn analysis method and linear 
chain polymers that have the same chemical structure (or the 
same monomer unit composition) are synthesiZed by solu 
tion polymerization and both the chargeable resin pseudo 
?ne particles and the polymer are immersed in an organic 
solvent that dissolves the polymer Well to compare them in 
terms of solubility. It is con?rmed that the chargeable resin 
pseudo ?ne particles are internally cross-linked When the 
solubility of the chargeable resin pseudo ?ne particles is 
loWer than that of the polymer. 

Further, in another preferred manner, When the diameters 
of chargeable resin pseudo ?ne particles can be observed by, 
for example, a dynamic light scattering method, the average 
value of the diameters of dispersed particles in Water is 
preferably not less than 10 nm but no more than 200 nm. 
Moreover, from the vieWpoint of long-term storage stability 
of the dispersible colorant, it is further preferable that the 
polydispersity index of the dispersion particle diameters is 
suppressed to less than 0.2. If the average value of the 
diameters of dispersed particles is more than 200 nm or the 
polydispersity index is more than 0.2, it may not be possible 
to achieve the essential object of dispersing the colorant as 
?ne particles to effect stabiliZation. If, on the other hand, the 
average value of the diameters of dispersed particles is less 
than 10 nm, it may not be possible to maintain the form of 
chargeable resin pseudo ?ne particles and the resin may 
easily become dissolved in Water to make it impossible to 
provide the advantages of the present invention. The advan 
tage of dispersing the colorant to effect stabiliZation through 
the ?xing of chargeable resin pseudo ?ne particles to the 
colorant in accordance With the present invention is effec 
tively realiZed When the average value of the diameters of 
dispersed particles is not les than 10 nm and not more than 
200 nm and the diameters of chargeable resin pseudo ?ne 
particles are smaller than those of the colorant. The above 
described preferred embodiment is applicable even When it 
is not possible to measure the dispersion particle diameters 
of chargeable resin pseudo ?ne particles. If such is the case, 
it is believed that the average diameter of chargeable resin 
pseudo ?ne particles observed With an electron microscope 
Would fall Within the above-mentioned preferred range or be 
in the vicinity thereof. 

Further, When the colorant is an organic pigment, by 
setting chargeable resin pseudo ?ne particles to be smaller 
than primary particles of the pigment and larger than mol 
ecules of the pigment, in addition to falling Within the above 
range, it is possible to obtain a dispersible colorant that is 
structurally highly stable and has a high dispersibility, Which 
is preferable. 

For the purpose of the present invention, the electric 
chargeability of chargeable resin pseudo ?ne particles that 
are ?xed or fused to a Water-insoluble colorant refers to a 

state in Which they themselves have functional groups that 
are ioniZed in any form in an aqueous medium and desirably 
they are capable of self-dispersing due to the electric charge 
ability. Therefore, Whether particles in question are charge 
able resin pseudo ?ne particles or not can be determined by 
methods, Which include one of measuring the surface Zeta 
potential of the ?ne particles by means of an appropriately 
selected knoWn technique, one of conducting potentiometric 
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titration to compute the functional group density by means 
of a technique as Will be described hereinafter, one of adding 
an electrolyte to an aqueous dispersion of ?ne particles and 
con?rming the dependency of the dispersion stability on the 
concentration of the electrolyte and one of conducting a 
chemical structure analysis on ?ne particles and determining 
the existence/absence of ionic functional groups. 

In a preferred embodiment, chargeable resin pseudo ?ne 
particles can be obtained by having a polar group. Charge 
able resin pseudo ?ne particles provide a high degree of 
self-dispersion stability because of having a polar group. 
The polar group is desirably an anionic group or cationic 
group. Further, it is preferable that the polar group that 
chargeable resin pseudo ?ne particles have and the polar 
group that is chemically bonded to the Water-insoluble 
colorant have the same polarity. Thereby, in a state in Which 
the Water-insoluble colorant is stably dispersed, chargeable 
resin pseudo ?ne particles Will not repel each other but Will 
be ?rmly ?xed to the Water-insoluble colorant. Moreover, an 
aqueous dispersion in Which chargeable resin pseudo ?ne 
particles are ?xed or fused to a colorant can exist stably. 

Here, the resin component constituting the chargeable 
resin pseudo ?ne particles is not limited, and may be 
selected from any natural or synthetic polymeric compound, 
and the polymeric compound neWly developed for the 
present invention. Those useful for the resin component for 
the present invention include acrylic, styrene/acrylic, poly 
ester, polyurethane and polyurea resin, and polysaccharides 
and polypeptides. In particular, polymers and copolymers of 
monomers having a radically polymeriZable unsaturated 
bond, into Which acrylic resin and styrene/acrylic resin are 
classi?ed, are preferably used because they can be generally 
used and easily processed to design functions of the pseudo 
?ne, chargeable particles. 

The monomers having a radically polymeriZable unsat 
urated bond (hereinafter referred to as “radically polymer 
iZable monomers” or simply to “monomers”) preferably 
used for the present invention include hydrophobic mono 
mers, such as (meth)acrylic esters, e.g., methyl acrylate, 
ethyl acrylate, isopropyl acrylate, n-propyl acrylate, n-butyl 
acrylate, t-butyl acrylate, benZyl acrylate, methyl methacry 
late, ethyl methacrylate, isopropyl methacrylate, n-propyl 
methacrylate, n-butyl methacrylate, iso-butyl methacrylate, 
t-butyl methacrylate, tridecyl methacrylate and benZyl meth 
acrylate; styrene-based monomers, e.g., styrene, ot-methyl 
styrene, o-methylstyrene, m-methylstyrene, p-methylsty 
rene and p-tert-butylstyrene; itaconic acid esters, e. g., benZyl 
itaconate; maleic acid esters, e. g., dimethyl maleate; fumaric 
acid esters, e.g., dimethyl fumarate; and acrylonitrile, 
metahcrylonitrile and vinyl acetate. The expression “(meth) 
acrylic acid” herein employed refers to both methacrylic 
acid and acrylic acid. 

Further, the folloWing compounds falling into the cat 
egory of hydrophilic monomers are also preferably used; 
monomers having an anionic group, such as those having 
carboxylic group, e.g., acrylic acid, methacrylic acid, cro 
tonic acid, ethacrylic acid, propyl acrylate, isopropyl acry 
late, itaconic acid, fumaric acid and a salt thereof; those 
having sulfonic acid group, e.g., styrene sulfonate, 2-pro 
pylacrylamide sulfonate, acrylic acid-2-ethyl sulfonate, 
methacrylic acid-2-ethyl sulfonate, butylacrylamide sul 
fonate and a salt thereof; and those having phosphonic acid 
group, e.g., methacrylic acid-2-ethyl phosphonate and 
acrylic acid-2-ethyl phosphonate. Of these, use of acrylic 
acid and methacrylic acid are more preferable. 

Moreover, those monomers having a cationic group 
include those having primary amino group, e.g., aminoethyl 
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acrylate, aminopropyl acrylate, amide methacrylate, amino 
ethyl methacrylate, aminopropyl methacrylate; those having 
secondary amino group, e.g., methylaminoethyl acrylate, 
methylaminopropyl acrylate, ethylaminoethyl acrylate, 
ethylaminopropyl acrylate, methylaminoethyl methacrylate, 
methylaminopropyl methacrylate, ethylaminoethyl meth 
acrylate and ethylaminopropyl methacrylate; those having 
tertiary amino group, e.g., dimethylaminoethyl acrylate, 
diethylaminoethyl acrylate, dimethylaminopropyl acrylate, 
diethylaminopropyl acrylate, dimethylaminoethyl meth 
acrylate, diethylaminoethyl methacrylate, dimethylamino 
propyl methacrylate and diethylaminopropyl methacrylate; 
those having quaternary ammonium group, e.g., chloride salt 
of dimethylaminoethylmethyl acrylate, chloride salt of dim 
ethylaminoethylmethyl methacrylate, chloride salt of dim 
ethylaminoethylbenZyl acrylate, chloride salt of dimethy 
laminoethylbenZyl methacrylate; and vinyl imidaZoles. 

Moreover, those falling into the category of nonionic, 
hydrophilic monomers include a compound having in its 
structure both radically polymeriZable, unsaturated bond and 
hydroxyl group, Which shoWs strong hydrophilicity. They 
include hydroxyethyl (meth)acrylate and hydroxypropyl 
(meth)acrylate. Other knoWn or novel oligomers and mac 
romonomers of various types can be used Without any 
limitation. 

Particularly, it is preferable to form chargeable resin 
pseudo ?ne particles by using a copolymer of monomer 
components including at least one kind of the above-men 
tioned hydrophobic monomers and at least one kind of the 
above-mentioned hydrophilic monomers from the vieWpoint 
of obtaining an ink for aqueous ink jet recording having 
more suitable printing characteristics. More speci?cally, 
When preparing resin ?ne particles, the various characteris 
tics of the resin ?ne particles that are ?xed to the surface of 
a colorant can be appropriately controlled by means of a 
variety of control factors such as the type and concentration 
of the polymeriZation initiator used and the type and copo 
lymeriZation ratio of the constituent monomers. At this time, 
it is possible to provide good ?xing ability to the Water 
insoluble colorant and good thermal stability by constituting 
the chargeable resin pseudo ?ne particles by use of at least 
one kind of the above-mentioned hydrophobic monomers, 
Whereas it is possible to provide excellent shape controlla 
bility and good dispersion stability by constituting the 
chargeable resin pseudo ?ne particles by use of at least one 
kind of the above-mentioned hydrophilic monomers. There 
fore, it is possible to obtain resin ?ne particles that are 
alWays ?xed to the colorant ?rmly and shoWs excellent 
dispersion stability by using such monomers at the same 
time. Furthermore, When the above-described requirements 
are met, by appropriately selecting the kinds of monomers 
for forming the resin ?ne particles and the copolymeriZation 
ratio of the monomers, it is possible to provide a Water 
insoluble colorant in accordance With the invention and/or 
the resin ?ne particles ?xed to the colorant With additional 
functionalities. 

Further, it is also preferred to contain, as the hydrophilic 
monomer, at least a monomer having a methyl group at the 
a position and also a radically polymeriZable, unsaturated 
double bond. By ?xing to the colorant resin ?ne particles 
formed by using a radically polymeriZable monomers hav 
ing a methyl group at the a position, especially in the thermal 
ink jet system adapted to eject ink by a thermal energy, the 
ejectability of the aqueous ink-jet recording ink containing 
a Water-insoluble colorant becomes excellent. While the 
reason for this is not clear, it is presumed that because resin 
formed by using a radically polymeriZable monomer having 
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a methyl group at the a position Will be depolymeriZed at a 
high temperature, application of a thermal energy to the ink 
depolymeriZes the resin constituted by the monomer com 
ponent having a methyl group at the a position so that 
clagging to the inside of the ink ejection port becomes 
dif?cult to occur. 

Further, When ?at chargeable resin pseudo ?ne particles 
are to be fused to a colorant, it is desirable to constitute them 
by a copolymer of monomer components including at least 
one kind of the above-mentioned hydrophobic monomers, at 
least one kind of the above-mentioned nonionic hydrophilic 
monomers and at least one kind of the above-mentioned 
anionic and cationic hydrophilic monomers. At this time, it 
is possible to provide good fusion to the Water-insoluble 
colorant and good thermal stability by constituting the 
chargeable resin pseudo ?ne particles by use of at least one 
kind of the above-mentioned hydrophobic monomers; it is 
possible to provide a ?at, spherical shape of chargeable resin 
pseudo ?ne particles and good dispersion stability by con 
stituting the chargeable resin pseudo ?ne particles by use of 
at least one kind of the above-mentioned nonionic hydro 
philic monomers; and it is possible to provide good disper 
sion stability by constituting the chargeable resin pseudo 
?ne particles by use of at least one kind of the above 
mentioned anionic and cationic hydrophilic monomers. 

Further, it is also preferable to contain, as the hydrophobic 
monomer, at least an acrylic acid alkyl ester compound and 
a methacrylic acid alkyl ester compound (hereinafter, 
referred to as “(meth)acrylic acid alkyl ester compoun ”). 
The (meth)acrylic acid alkyl ester compounds has good 
adhesion to a hydrophobic surface of a Water-insoluble 
colorant and at the same time are highly copolymerizable 
With the hydrophilic monomers to give rise to desirable 
effects from the vieWpoint of uniformity of the surface 
properties of the resin ?nc particles and uniform ?xing 
ability and fusion to the Water-insoluble colorant. 

Moreover, it is especially preferable to contain at least one 
of benZyl methacryate and methyl methacrylate of the above 
listed preferable hydrophobic monomers. In addition to the 
above described reasons that such monomers are preferable, 
the above tWo monomers provide resin ?ne particles With 
good thermal resistance and good transparency so that an ink 
for aqueous ink jet recording that contains a Water-insoluble 
colorant having such resin ?ne particles ?xed thereto shoWs 
excellent color developability. 
When ?at chargeable resin pseudo ?ne particles are to be 

fused to a colorant, there can also be used Without limitation 
nonionic hydrophilic monomers including those having a 
radically polymeriZable unsaturated bond and a highly 
hydrophilic hydroxyl group at the same time in the chemical 
structure thereof such as hydroxyethyl(meth)acrylate and 
hydroxypropyl(meth)acrylate and those containing an alky 
lene oxide group such as methoxypolyethyleneglycol(meth) 
acrylate, ethoxymethoxypolyethyleneglycol(meth)acrylate, 
polyethyleneglycol(meth)acrylate and polypropylene(meth) 
acrylate, and other various knoWn and novel oligomers and 
macromonomers. Particularly, monomers containing an 
alkylene oxide group have excellent copolymeriZability With 
the above-mentioned hydrophobic monomers and provide 
chargeable resin pseudo ?ne particles With uniform surface 
property and good fusion to a colorant, so that the use of 
such monomers is preferable. 

While it is possible to control the properties of the 
Water-insoluble colorant in accordance With the present 
invention and/or the chargeable resin pseudo ?ne particles 
that are ?xed or fused to the colorant by appropriately 
selecting the kinds of monomers constituting the chargeable 
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resin pseudo ?ne particles such as hydrophobic monomers 
and hydrophilic monomers as mentioned above and the 
copolymeriZation ratio thereof, it is also preferable to control 
the glass transition temperature of the copolymers contained 
in the chargeable resin pseudo ?ne particles so as to be not 
less than —400 C. but no more than 60° C. When the 
chargeable resin pseudo ?ne particles are ?xed to the colo 
rant. Further, it is also preferable to control the glass 
transition temperature of the copolymers so as to be not less 
than —l00o C. but no more than 0° C. When the ?at 
chargeable resin pseudo ?ne particles are fused to the 
colorant. When the glass transition temperature is controlled 
so as to fall Within the above described ranges, the charge 
able resin pseudo ?ne particles that are ?xed or fused to the 
colorant can be made to have a desired shape and can also 
be fused to the colorant more ?rmly. 

To obtain such chargeable resin pseudo ?ne particles, it is 
preferable to select and use monomers that are knoWn to 
provide a homopolymer having a loW glass transition tem 
perature, of the above listed preferable groups of monomers. 
For example, it is preferable to use n-butyl acrylate and 
acrylic acid as monomers at an appropriate ratio. It is also 
preferable to use ethyl methacrylate and methacrylic acid as 
monomers at an appropriate ratio. Particularly, When ?at 
chargeable resin pseudo ?ne particles are formed and fused 
to a Water-insoluble colorant, it is preferable to select and 
use monomers that are knoWn to provide a homopolymer 
having a loW glass transition temperature, of the above listed 
preferable groups of monomers. For example, as the hydro 
phobic monomers, there are included those represented by 
the formula (1): 

CH2ICR4COOCnHQnH) (1) 

Wherein R is H or CH3 and n is de?ned by 3§n§ 10. 
Preferred examples of such hydrophobic monomers 

include propyl(meth)acrylate, isopropyl(meth)acrylate, 
n-butyl(meth)acrylate, t-butyl(meth)acrylate, isobutyl(meth) 
acrylate, pentyl(meth)acrylate, hexyl(meth)acrylate, heptyl 
(meth)acrylate, octyl(meth)acrylate, nonyl(meth)acrylate, 
decyl(meth)acrylate, 2-ethylhexyl(meth)acrylate, 2-ethylbu 
tyl(meth)acrylate, dodecyl(meth)acrylate, 3,3-dimetyl-2-bu 
tyl(meth)acrylate, l,l-diethylpropyl(meth)acrylate, isodecyl 
(meth)acrylate and l-methylbutyl(meth)acrylate. Examples 
of such hydrophilic monomers include those containing an 
alkylene oxide group as described above. 
The glass transition temperature of chargeable resin 

pseudo ?ne particles can be measured by means of conven 
tional differential scanning calorimetry. For the purpose of 
the present invention, DSC822e (trade name) manufactured 
by Mettler-Toledo lntemational Inc. can be used for such 
measurement. The Water-insoluble colorant having ?xed or 
fused thereto such resin ?ne particles containing copolymers 
having a glass transition temperature as de?ned above can 
form a ?lm together With adjacent colorant to produce a 
?rmly bonded colored ?lm because of the high ?lm forming 
property given to the chargeable resin pseudo ?ne particles. 
Therefore, such colorant can produce a printed matter shoW 
ing good rubfastness not only on plain paper but also on a 
glossy medium that is disadvantageous in terms of rubfast 
ness. 

When a pigment is used as the Water-insoluble colorant 
for the purpose of the present invention, it is preferable to set 
the ratio of the chargeable resin pseudo ?ne particles to the 
pigment (resin mass/pigment mass; hereinafter referred to as 
B/P) Within the range of 0.1 to 4.0 from the vieWpoint of 
improving the rubfastness of a printed matter. By adopting 
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the B/P ratio of not less than 0.1, it is possible to improve the 
adhesion betWeen the colorants and the adhesion betWeen 
the colorant and a recording medium, thereby providing the 
printed matter With excellent rubfastness. Particularly, When 
the Water-insoluble colorant having ?xed or fused thereto 
the resin ?ne particles containing copolymers having a glass 
transition temperature as described above is used, it is 
possible to effectively exploit the ?lm forming property to 
consequently improve the rubfastness of an image printed by 
using the colorant on glossy paper. When the B/P ratio is 
remarkably greater than 4.0, an ink With a high viscosity Will 
be produced to affect the ejection stability When used for ink 
jet recording. Additionally, since the amount of the resin is 
extremely larger than the amount of the colorant, the color 
developability of the colorant on a recording medium may 
be loWered to make it dif?cult to provide a su?icient print 
density of a printed matter. By setting the B/P ratio Within 
the range of 0.1 to 4.0 and utilizing the correlation With the 
surface charge of the colorant, it is possible to provide an 
aqueous ink for ink jet recording Which has both excellent 
rubfastness and excellent ejection stability. Incidentally, 
although the term “resin mass” herein employed refers to the 
total amount of resin ?ne particles that are contained in an 
aqueous ink for ink jet recording in accordance With the 
invention, it may also include the resin that is apparently 
?rmly adsorbed to the surface of the colorant. HoWever, it 
does not include a Water-soluble resin component that can be 
easily separated from the colorant. 

The above-de?ned B/P ratio can be determined generally 
by differential thermogravimetry. For the purpose of the 
present invention, TGA/SDTA851 (trade name) manufac 
tured by Mettler-Toledo lntemational Inc. is used for obser 
vations and computations. More speci?cally, an aqueous ink 
for ink jet recording is subjected to centrifugation under the 
conditions of 80,000 rpm for 2 hours and the obtained 
precipitate is dried, Weighed and subjected to temperature 
rise in a nitrogen atmosphere or in the atmosphere to 
determine the change in the mass of the colorant and that of 
the resin component before and after being subjected to the 
decomposition temperature and compute the B/P ratio. 
When chargeable resin pseudo ?ne particles are consti 

tuted by a copolymer of polymer components including at 
least one kind of the above-mentioned hydrophobic mono 
mers and at least one kind of the above-mentioned hydro 
philic monomers, it is preferable that the at least one kind of 
hydrophilic monomer includes at least one kind of anionic 
monomer. Particularly, it is possible to introduce a greater 
number of anionic groups to the chargeable resin pseudo ?ne 
particles When the hydrophilic monomer includes an anionic 
monomer. Thus, this technique can be used effectively to 
control the surface functional group density of the colorant 
to the preferable value as described above. Additionally, by 
including an anionic monomer, it is possible to obtain a 
dispersible colorant that shoWs a high dispersion stability, 
especially, in a high pH region to a medium pH region. 

While the anionic monomer is not limited so long as the 
monomer has a function group that is anionic in Water, but 
acrylic acid, methacrylic acid, p-styrene sulfonate and their 
salts are preferably used from the vieWpoint of copolymer 
izability With other monomer components, general purpose 
properties and strong anionic property. 

It is preferable that the hydrophilic monomers of the 
above copolymer include a cationic monomer from the 
vieWpoint of preparing a dispersible colorant that has high 
dispersion stability, especially in a medium pH region to a 
loW pH region. While any cationic monomer can be used for 
the purpose of the present invention so long as they have a 
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functional group that is cationic in Water, the monomers 
having a cationic group mentioned above of the radically 
polymerizable monomers as described above are preferably 
used. 

(Synthesis of Chargeable Resin Pseudo Fine Particles and 
Fixing or Fusion to Water-Insoluble Colorant) 
The chargeable resin pseudo ?ne particles can be synthe 

sized and caused to be ?xed or fused to a Water-insoluble 
colorant by folloWing the process and the technique of any 
knoWn general method of synthesizing self-dispersing 
chargeable resin pseudo ?ne particles and those of any 
knoWn method of compounding self-dispersing resin ?ne 
particles and a colorant. 

HoWever, as a result of intensive studies, the present 
inventors have come to invent a simple and easy method of 
producing a dispersible colorant containing a colorant hav 
ing a surface charge and chargeable resin pseudo ?ne 
particles smaller than the colorant, characterized in that the 
chargeable resin pseudo ?ne particles are ?xed or fused to 
the colorant. NoW, the method of producing a dispersible 
colorant in accordance With the invention Will be described 
beloW. 
As a result of the studies conducted by the present 

inventors, it has been found that a Water-insoluble colorant 
dispersed by itself With chargeable resin pseudo ?ne par 
ticles being ?xed or fused thereto can be produced in a 
simple and easy Way by applying aqueous precipitation 
polymerization technique. Namely, an aqueous dispersion in 
Which a Water-insoluble colorant carrying a surface charge 
on the surface thereof is dispersed in Water is obtained by the 
above described production method. Then, chargeable resin 
pseudo ?ne particles are made to be ?xed or fused to the 
colorant by Way of a step in Which radically polymerizable 
monomers are subjected to aqueous precipitation polymer 
ization, using an aqueous radical polymerization initiator in 
the aqueous dispersion. As a result of conducting this step, 
the chargeable resin pseudo ?ne particles synthesized in the 
aqueous precipitation polymerization process become to be 
?rmly ?xed to the colorant uniformly and scatteredly, 
thereby shoWing excellent dispersion stability by itself. As 
described above, the characteristics of the chargeable resin 
pseudo ?ne particles can be controlled in a desired, simple 
and easy manner in the above described aqueous precipita 
tion polymerization process and the chargeable resin pseudo 
?ne particles can be successfully made to be ?xed or fused 
to the colorant in this step. NoW, the above-described 
production method Will be described in greater detail by Way 
of preferred embodiments. 

(Dispersion of Water-Insoluble Colorant) 
Firstly, an aqueous dispersion in Which a Water-insoluble 

colorant carrying a surface charge on the surface thereof is 
dispersed in Water is prepared so as to be advantageously 
used for the purpose of the present invention. When prepar 
ing the aqueous dispersion, the colorant is treated so as to 
carry a surface charge as described above. More speci?cally, 
a charge carrying member is bonded to the surface of the 
Water-insoluble colorant directly or through an atomic group 
so as to stably disperse the colorant in Water as shoWn in 
FIG. 2B. 

In the process of forming an aqueous dispersion of an 
Water-insoluble colorant as described above, the colorant is 
dispersed such that the average value of the dispersion 
particle diameter is preferably Within the range of not less 
than 0.01 um and not more than 0.5 pm (not less than 10 nm 
and not more than 500 nm), more preferably Within the 
range of not less than 0.03 pm and not more than 0.3 pm (not 




































